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WO 00/69438 PCT/GB00/01 775 

PHARMACEUTICAL COMBINATION OF NEUROKININ RECEPTOR ANTAGONIST AND PROTON PUMP INHIBITOR 

Field of the Ipventjoq 

The present invention relates to novel combinations comprising an NK-1 antagonist 
5 and an agent capable of reducing the pH of gastric juice in the gut. Furthermore, the invention 
relates to pharmaceutical compositions comprising such combinations and the use of such 
combinations and compositions in the treatment of diseases related to the gastrointestinal 
system. 
Background 

10 It is known in the art that proton pump inhibitors and H 2 antagonists may be used to 

decrease the pH of the gastric juice in the gut. However, neither of these prevent the 
relaxation of the lower esophageal sphincter. Additionally, prolonged administration of these 
compounds may be deleterious or give rise to side effects in certain patients. For example, the 
prolonged administration of a proton pump inhibitor in some cases leads to abdominal pain, 

1 5 asthenia, constipation, dizziness, or rash. 

Substance P is the physiological agent that induces, at least in part, relaxation of the 
lower esophageal sphincter. NK-1 antagonists are known to block the activity of substance P, 
thereby blocking the relaxation of the this sphincter. While blocking relaxation of the 
sphincter can reduce the severity of acid reflux, it does not prevent the aspiration of the acid, 

20 which can lead to gastric asthma. 

While various investigators have studied the use of NK-1 antagonists, H 2 antagonists, 
and proton pump inhibitors independently in such conditions as GERD and gastric asthma, 
none have proposed the combination therapy provided by the present invention. The present 
invention relates to a combination of an NK-1 antagonist, an H 2 antagonist, and/or a proton 

25 pump inhibitor that work in concert to provide relief for those who suffer from gastric asthma, 
GERD, and related conditions. 
Summary of the Invention 

The present invention relates to pharmaceutical compositions, and in particular to 
pharmaceutical compositions containing a neurokinin- 1 (NK-1) antagonist and a proton pump 

30 inhibitor, which are useful in the prevention and treatment of diseases brought about by 
hypersecretion of gastric acid in the gut and/or relaxation of the lower esophageal sphincter, 
such as gastric asthma and gastroesophageal reflux disease (GERD). During reflux episodes in 
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patients with GERD, acid may be aspirated into the lower esophagus, causing esophagitis. 
GERD or hyper-relaxation of the lower esophageal sphincter can also allow acid to be 
aspirated into the airways, triggering an asthma attack, also known as gastric asthma. 
Detailed Pesmptipn 

5 The present invention lessens the problems associated with administration of an NK-1 

antagonist, an H 2 antagonist, or a proton pump inhibitor alone and/or provides a means for 
potentially obtaining a therapeutic effect that is significantly greater than that otherwise 
obtainable with the single agents when administered alone. 

Accordingly, the present invention provides novel combinations, which comprise an 
10 NK-1 antagonist and a proton pump inhibitor; or an NK-1 antagonist and an H 2 antagonist; or 
an NK-1 antagonist, an H 2 antagonist and a proton pump inhibitor. 

Additionally, the present invention provides pharmaceutical compositions, which 
comprise an NK-1 antagonist and a proton pump inhibitor; or an NK-1 antagonist and an H 2 
antagonist; or an NK-1 antagonist, an H 2 antagonist and a proton pump inhibitor, together 
15 with a phaimaceutically-accep table carrier and/or diluent. 

Another aspect of the invention relates to a method for treating disease related to the 
reflux of gastric acid in the gastrointestinal system, comprising the step of administering a 
therapeutically-effective amount of the one of the aforementioned combinations. 

Another aspect of the invention relates to the use of one of the aforementioned 
20 combinations for the manufacture of a medicament for the treatment of disease related to the 
reflux of gastric acid in the gastrointestinal system. 

Suitable NK-1 antagonists useful in the compositions of the present invention include 
any compound capable of acting as an antagonist for the neurokinin- 1 receptor, for example, 
those disclosed in United States Letters Patent Nos. 5,521,199, 5,534,525, 5,567,700, 
25 5,576,333, 5,589,489, 5,602,138, 5,635,509, 5,654,299, 5,710,169, 5,731,309, 5,780,466, 
5,576,317 and international applications WO 96/24582, WO 97/19060, WO 98/24447, WO 
98/47513, WO 98/04561, WO 96/23787, WO 97/13514, EP 98/0302747 or pharmaceutical^ 
acceptable salts thereof. Preferred NK-1 antagonist include, for example: 
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Other NK-1 antagonists may be identified by the following assays: 
5 SP Receptor Binding Asspy (Test A) 

The ability of a compound of the invention to antagonize the binding of SP at the NK, 
receptor may be demonstrated using an assay using the human NK, receptor expressed in 
Mouse Erythroleukemia (MEL) cells. The human NK, receptor was isolated and 
characterized as described in: B. Hopkins, et al. "Isolation and characterization of the human 
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lungNK, receptor cDNA" Pipphem, Piophys, Res, Comm., 1991,180, 1110-1117; and the 
NK, receptor was expressed in Mouse Erythroleukemia (MEL) cells using a procedure similar 
to that described in the Neurokinin A (NKA) receptor binding assay below. 
Neurokinin A (NKA) Receptor Binding Assay (Test B) 
5 The ability of a compound of the invention to antagonize the binding of NKA at the 

NK 2 receptor may be demonstrated using an assay using the human NK 2 receptor expressed in 
Mouse Erythroleukemia (MEL) cells, as described in: Aharony, D., et al. "Isolation and 
Pharmacological Characterization of a Hampster Neurokinin A Receptor cDNA" 
Molecular Pharmacology, 1994, 45, 9-19. 

10 The selectivity of a compound for binding at the NK, and the NK 2 receptors may be 

shown by determining its binding at other receptors using standard assays, for example, one 
using a tritiated derivative of NKB in a tissue preparation selective for NK 3 receptors. In 
general, the compounds of the invention which were tested demonstrated statistically 
significant binding activity in Test A and Test B with a K^ of 1 mM or much less typically 

15 being measured. 

Rabbit Pulmonary Arterv: NK : in vitro Functional Assa y (Test Q 

The ability of a compound of the invention to antagonize the action of the agonist Ac- 
[Arg 6 , Sar 9 , Met(0 2 ) M ] Substance P (6-1 1), ASMSP, in a pulmonary tissue may be 
demonstrated as follows. 

20 Male New Zealand white rabbits are euthanized yia i.v. injection into the ear vein with 

60 mg/kg Nembutal (50 mg/mL). Preceding the Nembutal into the vein is Heparin (1000 
units/mL) at 0.0025 mL/kg for anticoagulant purposes. The chest cavity is opened from the 
top of the rib cage to the sternum and the heart, lungs and part of the trachea are removed. 
The pulmonary arteries are isolated from the rest of the tissues and cut in half to serve as 

25 pairs. 

The segments are suspended between stainless steel stirrups, so as not to remove any 
of the endothelium, and placed in water-jacketed (37.0 °C) tissue baths containing 
physiological salt solution of the following composition (mM): NaCl, 1 18.0; KC1, 4.7; CaCl 2 , 
1.8; MgCl 2 , 0.54; NaH 2 P0 4 , 1.0; NaHC0 3 , 25.0; glucose, 1 1 .0; indomethacin, 0.005 (to inhibit 
30 cyclooxygenase); and ^/-Propranolol, 0.001 (to block p receptors); gassed continuously with 
95% 0 2 -5% C0 2 . Responses are measured on a Grass polygraph yi^Grass FT-03 
transducers. 



WO 00/69438 PCT/GBOO/01775 

Initial tension placed on each tissue is 2 grams, which is maintained throughout the 1 .0 
hour equilibration period. Tissues are washed with the physiological salt solution at 15 
minute intervals. At the 30 and 45 minute wash the following treatments are added: 1 x 10" 6 
M Thiorphan (to block E.C.3. 4.24.1 1), 3 x 10' 8 M (S)-N-[2-(3,4-dichlorophenyl)-4-[4-(2- 
5 oxoperhydropyrimidin- 1 -yl)piperidino]butyl]-N-methylbenzamide (to block NK 2 receptors), 
and the given concentration of the compound being tested. At the end of the 1 .0 h 
equilibration, 3 x 10' 6 M Phenylephrine hydrochloride is added for 1.0 h. At the end of 1.0 h, 
a dose relaxation curve to ASMSP is done. Each tissue is treated as a individual and is 
considered finished when it fails to relax further for 2 consecutive doses. When a tissue is 

10 complete, 1 x 10° M Papaverine is added for maximum relaxation. 

Percent inhibition is determined when a tested compound produces a statistically 
significant (p < 0.05) reduction of the total relaxation which is calculated using the total 
relaxation of the Papaverine as 100%. Potencies of the compounds are determined by 
calculating the apparent dissociation constants (K B ) for each concentration tested using the 

15 standard equation: 

KB= [antagonist]/ (dose ratio - 1) 
where dose ratio = antilog[(agonist -log molar EC 50 without compound) - (-log molar EC 50 
with compound)]. The K B values may be converted to the negative logarithms and expressed 
as -log molar KB (i.e. pK B ). For this evaluation, complete concentration-response curves for 
20 agonist obtained in the absence and presence of the compound tested using paired pulmonary 
artery rings. The potency of the agonist is determined at 50% of its own maximum relaxation 
in each curve. The EC 50 values are converted to negative logarithms and expressed as -log 
molar EC 50 . 

NK-1 antagonists useful in this invention are those that are capable of exhibiting a pK B 
25 value of greater than 7.0 in the Rabbit Pulmonary Artery Assay described above. 

Pharmaceutically-acceptable salts of the NK-1 antagonist, in accordance with the 
present invention, are the salts with physiologically-acceptable bases and/or acids well known 
to those skilled in the art of pharmaceutical technique. Suitable salts with physiologically- 
acceptable bases include, for example, alkali metal and alkaline earth metal salts, such as 
30 sodium, potassium, calcium and magnesium salts, and ammonium salts and salts with suitable 
organic bases, such as methylamine, dimethylamine, trimethylamine, piperidine, morpholine 
and triethanolamine. Suitable salts with physiologically-acceptable acids include, for 
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example, salts with inorganic acids such as hydrohalides (especially hydrochlorides or 
hydrobromides), sulphates and phosphates, and salts with organic acids. 

Suitable proton pump inhibitors useful in the compositions of the present invention 
include any compound known to inhibit the gastric acid pump in the stomach. Examples of 
5 such compounds include omeprazole, S-omeprazole, rabeprazole, lansoprazole, pantoprazole 
and leminoprazole, or pharmaceutically-acceptable salts thereof. Preferred proton pump 
inhibitors include omeprazole, (5-methoxy-2-([(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]- 
sulfinyl)-lH-benzimidazole) and S-omeprazole, or pharmaceutically-acceptable salts thereof. 
A suitable salt of the proton pump inhibitor omeprazole, or S-omeprazole according to 

10 the invention is an alkaline pharmaceutically-acceptable salt. Examples of such salts include 
inorganic salts, such as alkali metal salts, e.g., sodium salt, potassium salt, etc., alkaline earth 
metal salts, e.g., calcium salt, magnesium salt, etc., ammonium salt, organic salts such as 
organic amine salts, e.g., trimethylamine salt, triethylamine salt, pyridine salt, procaine acid, 
picoline salt, dicyclohexylamine salt, N,N-dibenzylethylenediamine salt, N-methylglucamine 

15 salt, diethanolamine salt, triethanolamine salt, tris(hydroxymethylamino)methane salt, 
phenylethylbenzylamine salt, and dibenzylethylenediamine salt. 

The proton pump inhibitors used in the present invention are known compounds in the 
art, and methods for their preparation may be found in the literature. For example, omeprazole 
is disclosed in EP 5129, lansoprazole in EP 174,726, pantoprazole in EP 166,287, 

20 leminoprazole in GB 2,163,747 and WO 94/27988 describes certain salts of the (-)- 
enantiomer of omeprazole. 

Examples of H 2 antagonists are found in U.S. Patent Nos. 5,889,033, 5,656,652, 
5,629,026, 5,622,980, 5,538,737, 5,374,641, 5,273,984, 5,229,418, 5,229,137, 5,221,688, 
4,900,741, 4,894,372, 4,847,264, 4,808,589, 4,806,548, 4,788,184, 4,758,576, 4,749,790, 

25 4,738,969, 4,732,980, 4,705,683, 4,694,008, 4,663,331, 4,652,572, 4,636,498, 4,632,927, 
4,624,956, 4,622,402, 4,621,142, 4,620,001, 4,608,380, 4,607,107, 4,587,345, 4,574,126, 
4,571,398, 4,567,179, 4,567,176, 4,551,466, 4,547,512, 4,540,699, 4,539,316, 4,522,943, 
4,503,051, 4,492,794, 4,477,663, 4,466,970, 4,458,077, 4,452,985, 4,450,161, 4,447,61 1, 
4,443,613, 4,439,609, 4,439,437, 4,388,317, 4,385,058, 4,383,1 15, 4,377,522, 4,359,466, 

30 4,339,439, 4,307,104, 4,279,906, 4,279,819, 4,255,440, 4,230,717, 4,128,658, 4,090,026, 
however, one of ordinary skill in the art would recognize that other compounds capable of H 2 
antagonism would be useful in combination with an NK-1 antagonist. 
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A preferred pharmaceutical composition of the invention comprises an NK-1 
antagonist, or a pharmaceutically-acceptable salt thereof, and a proton pump inhibitor 
(including any of the proton pump inhibitors specifically named above), together with a 
pharmaceutically-acceptable carrier and/or diluent. 
5 An especially preferred pharmaceutical composition of the invention comprises the 

NK-1 antagonist, 



O 

II 




or a pharmaceutical^ acceptable salt thereof, and the proton pump inhibitor omeprazole, S- 
omeprazole, or a pharmaceutically-acceptable salt thereof, together with a pharmaceutically- 

1 0 acceptable diluent and/or carrier. 

The pharmaceutical compositions of the present invention may be administered in 
standard manner, for example, by oral or parenteral administration, using conventional 
systemic dosage forms, such as a tablets, capsules, pills, powders, aqueous or oily solutions or 
suspensions, emulsions, or sterile injectable aqueous or oily solutions or suspensions. These 

15 dosage forms will include the necessary carrier material, excipient, lubricant, buffer, bulking 
agent, anti-oxidant, dispersant or the like. In particular, compositions for oral administration 
are preferred. 

The doses of an NK-1 antagonist and a proton pump inhibitor which can be 
administered in accordance with the present invention depends on several factors, for 
20 example, the age, weight and the severity of the condition under treatment, as well as the route 
of administration, dosage form and regimen, and the desired result, and additionally the 
potency of the particular NK-1 antagonist and proton pump inhibitor employed in the 
composition. In addition, account should be taken of the recommended maximum daily 
dosages for the proton pump inhibitors. 
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A unit dosage formulation such as a tablet or capsule will usually contain, for 
example, from 1 mg to 1000 mg of an NK-1 antagonists inhibitor and from 1 mg to 80 mg of 
a proton pump inhibitor. Another embodiment of a dosage formulation will contain 1 to 500 
mg of NK-1 antagonist and 1 to 40 mg of a proton pump inhibitor. Another embodiment of a 
5 dosage formulation will contain 10 to 400 mg of NK-1 antagonist and 5 to 20 mg of a proton 
pump inhibitor. 

The pharmaceutical compositions of the present invention may be administered up to 
two times daily and preferably once a day, so that a dose of the NK-1 antagonist in the general 
range of 1 to 2000 mg/kg, preferably 1 to 1000 mg/kg, more preferably 1 to 500 mg/kg, is 

10 administered daily and a dose of proton pump inhibitor in the general range 1 to 40 mg/kg, 
preferably 1 to 20 mg/kg, more preferably 1 to 10 mg/kg, is administered daily. 

The present invention covers the combination of an NK-1 antagonist and a proton 
pump inhibitor for simultaneous, separate or sequential use in the treatment of complications 
related to hypersecretion of gastric acid. In one aspect of the present invention, the NK-1 

1 5 antagonist or a pharmaceutically-acceptable salt thereof and a proton pump inhibitor or a 
pharmaceutically acceptable salt thereof are presented in admixture in one pharmaceutical 
dosage form. In another aspect, the present invention covers the administration of separate 
unit dosages of the NK-1 antagonist and the proton pump inhibitor in order to achieve the 
desired therapeutic effect. Such separate unit dosages may be administered concurrently or 

20 sequentially as determined by the experienced clinician. Preferably the NK-1 antagonists and 
the proton pump inhibitor are both administered orally. 

In another aspect of the invention there is provided a combination of pharmaceutical 
compositions for combination therapy of selected GERD complications, the combination 
consisting of pharmaceutical compositions comprising an NK-1 antagonist and a proton pump 

25 inhibitor, wherein the selected GERD complications are heartburn and esophagitis. 

A further aspect of the present invention comprises the use of an NK-1 antagonist and 
a proton pump inhibitor in the preparation of a pharmaceutical composition for use in the 
treatment of gastric ulcer complications. 

A further aspect of the present invention comprises the use of an NK-1 antagonist and 

30 a proton pump inhibitor in the preparation of a pharmaceutical composition for use in the 
treatment of gastric asthma complications. 
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A farther aspect of the present invention comprises the use of an NK-1 antagonist and 
a proton pump inhibitor in the preparation of a pharmaceutical composition for use in the 
treatment of duodenal ulcer complications. 

A further aspect of the present invention comprises the use of an NK-1 antagonist and 
5 a proton pump inhibitor in the preparation of a pharmaceutical composition for use in the 
treatment of pathological hypersecretory complications. 

A further aspect of the present invention is a method for treating complications due to 
hypersecretion of gastric acid wherein a therapeutically-effective amount of an NK-1 
antagonist in combination with a proton pump inhibitor is administered systemically, such as 
10 orally or parenterally. 

Usually, the proton pump inhibitor will preferably be administered in amounts below 
that required to cause a reduction in the pH of the contents of the stomach. Where the patient 
to be treated suffers from pathological hypersecretion, the proton pump inhibitor will 
preferably be used in greater amounts, e.g. 40 to 100 mg/day. The present invention provides 
15 a novel method for treating hypersecretory complications and the amounts of NK-1 antagonist 
and proton pump inhibitor required when administered in association with the combined 
therapy are lower than would normally be used, and thus, any deleterious effects or side 
effects are minimized. 

The effect of a pharmaceutical composition of the present invention may be examined 
20 by using one or more of the published models of hypersecretory complications well known in 
the art. The pharmaceutical compositions of the present invention are particularly useful for 
the prevention of, reducing the development of, or reversal of, deficits in gastric acid secretion 
found in hypersecretory patients. 

Some of the active compounds, especially some proton pump inhibitors, may be 
25 susceptible to degradation/transformation in acidic and neutral media. The degradation is 
catalyzed by acidic compounds and is stabilized in mixtures with alkaline compounds. The 
stability of the active substances may also affected by moisture, heat, organic solvents and to 
some degree by light. 

In respect to the stability properties of an acid-susceptable proton pump inhibitor, it is 
30 obvious that an oral solid dosage form must be protected from contact with the acidic gastric 
juice and the active substance must be transferred in intact form to that part of the 
gastrointestinal tract where pH is near neutral and where rapid absorption can occur. 
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A pharmaceutical oral dosage form of such proton pump inhibitors is best protected 
from contact with acidic gastric juice by an enteric coating layer. In US-A 4,853,230 such an 
enteric coated preparation is described. Said preparation contains an alkaline core comprising 
an acidic susceptible substance, a separating layer and an enteric coating layer. In order to 
5 further enhance the stability during storage the prepared formulation may optionally be 
packed with a desiccant. 

A good mechanical stability can be obtained with an enteric coating layered tablet. 
WO95/01783 describes such a tablet comprising the acid labile compound omeprazole. 
However, only an enteric coating layered multiple unit tablet can be made divisible and 
10 dispersible. A further advantage of a multiple unit dosage form is that it disperses into a 
multitude of small units in the stomach upon administration. 

WO 96/01624 discloses tablets comprising enteric coating layered units containing an 
acid labile proton pump inhibitor or one of its single enantiomers or an alkaline salt thereof 
can be manufactured by compressing said units into tablets without significantly affecting the 
15 properties of the enteric coating layer. 

WO 96/01623 discloses tablets comprising enteric coating layered units containing an 
acidic susceptible substance in the form of omeprazole or one of its single enantiomers, such 
as S-omeprazole, or an alkaline salt thereof. 

Suitable pharmaceutical formulations for proton pump inhibitors are also described in 
20 US 4,786,505, US 5,817,338, and 5,753,265, hereby incorporated by reference. 
Example 

A patient suffering from GERD is treated with a combination of omeprazole (20 mg) 
Prilosec (tradename) and an NK-1 antagonist (400 mg) having the structure: 
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1. A combination comprising an NK-1 antagonist and an agent capable of reducing the 
pH of gastric juice in the gut. 
5 2. The combination according to Claim 1, wherein the agent is a proton pump inhibitor. 

3. The combination according to Claim 1, wherein the agent is selected from omeprazole, 
S-omeprazole, rabeprazole, lansoprazole, pantoprazole and leminoprazole; or 

a pharmaceutically-acceptable salt thereof. 

4. A combination according to Claim 1 , wherein the agent is an H 2 antagonist. 

10 5. A combination according to Claim 1, wherein the NK-1 antagonist is any NK-1 
antagonist that is capable of exhibiting a pK B value of greater than 7.0 in the Rabbit 
Pulmonary Artery Assay. 

6. A combination according to Claim 1, wherein the NK-1 antagonist is selected from: 
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7. A pharmaceutical composition, comprising: 
an NK-1 antagonist; 

5 an agent capable of reducing the pH of gastric juice in the gut; and 

and a pharmaceutically acceptable carrier or diluent. 

8. The pharmaceutical composition according to Claim 7, wherein the agent is a proton 
pump inhibitor. 

9. The pharmaceutical composition according to Claim 7, wherein the agent is selected 
10 from omeprazole, S-omeprazole, rabeprazole, lansoprazole, pantoprazole and leminoprazole. 

10. A combination according to Claim 7, wherein the agent is an H 2 antagonist. 

11. A method for treating disease related to the reflux of gastric acid in the gastrointestinal 
system, comprising the step of administering a therapeutically-effective amount of a 
combination according to any one of Claims 1, 2, 3 or 4. 

15 12. The method according to Claim 1 1 , wherein the disease is selected from, heartburn, 
esophagitis, gastric ulcer, gastric asthma, duodenal ulcer or pathological hypersecretory 
complications. 

13. The use of a combination according to any one of Claims 1 through 4 for the 
manufacture of a medicament for the treatment of disease related to the reflux of gastric acid 
20 in the gastrointestinal system. 
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